Strong, local convective weather events are capable of causing extensive damage, but weather observation systems with limited resolution and radar monitoring can typically provide only a few minutes to hours of prior warning time. This paper presents a comprehensive case study of the cumulative evolution of several characteristic quantities during one extremely severe convective weather process. The research results indicate that the main feature of strong convective weather is the uneven distribution of thermal energy in the atmosphere, and the structure of this heat distribution determines the level of instability in the atmosphere. A vertical "clockwise rolling current" occurs in the wind field structure at the beginning of the process, and this is accompanied by a rapid drop in temperature at the top of the troposphere. When these signs occurred in the case study, radar technology was used to refine the precipitation region and spatial characteristics of the approaching storm. The height and vertical evolution of radar echoes were indicative of the characteristics of the system's movement through space. Such findings may be useful for improving the forecasting times for strong convective weather.
Introduction
Severe convective weather events refer to sudden, severe, very destructive weather phenomena that often include thunderstorms, hail, tornadoes, and locally heavy rain. Severe convective weather events occur in mesoscale weather systems, and they are small in size ranging from about tens of kilometers to two or three hundred kilometers in diameter on average; some are actually as small as tens of meters to tens of kilometers across. These small events occur very suddenly and are especially short lived [1] . Precipitation during the course of severe convective weather events can be intense, and the duration of heavy or torrential rain can last for a few hours to tens of hours. Such localized heavy rains can destroy agricultural crops and damage industrial and transportation infrastructure, and any associated flooding or landslide hazards may even endanger people's lives. Thus, early warning systems for severe convective weather events are urgently needed.
Currently, weather analysis is mainly diagnostic in nature, and weather predictions are mostly made on the basis of linear extrapolations and numerical prediction models. While these can be effective tools on a synoptic scale, they cannot accurately predict sudden, small-scale, local weather events. They might not even be able to predict such local weather at all. A few reasons for this are as follows. (1) These weather processes are small and very sudden, and current observation systems do not have adequate temporal or spatial resolutions to model them effectively. Radar observations are generally limited to a few hours or minutes of early warning times. (2) Air pressure analysis data can display hysteresis [2] . The root causes of severe convective weather are the changes in and the uneven distribution of thermal energy in the atmosphere.
Advances in Meteorology
Thermal energy changes inevitably cause atmospheric density changes and restructuring. Thus, air pressure changes are created, and there is a sequential relationship between the thermal energy and the air pressure. Since initial conditions preceding sudden events can vary, it is difficult to use extrapolation methods to predict them. However, before sudden changes occur in any weather system, an energy accumulation process develops with corresponding changes in the dynamic conditions, thermal conditions, and water vapor conditions. These changes will alter the internal structure of the system and eventually lead to severe local weather processes. How to use this information to accurately predict these types of processes is an urgent question in meteorological research.
Much research has been done on severe, local, convective weather. Most research to date has adopted one of the following formats: (1) index research or (2) mechanistic research. In index research, researchers combine heat and humidity characteristics in the lower and middle troposphere with wind shear changes to design several indices for atmospheric energy changes [3] [4] [5] [6] [7] . On this basis, the indices are modified [8, 9] to estimate the likelihood that convection and severe weather could develop in the atmosphere. Thus, the indices mentioned above are mostly used as singlevalued indices to evaluate the state of the atmosphere. As such, the overall dynamic, heat, and water vapor conditions are not clear. This makes them less accurate as early warning and forecasting tools for severe convective weather. In mechanistic research, the structural and developmental mechanisms of medium-and small-scale severe convective weather systems are studied, which has proven to be difficult. More research on the mechanisms by which such systems are triggered and strengthened is especially needed. The mechanisms are closely related to atmospheric dynamics. Low-level convergence, orographic lift, and gravity waves are all important triggering mechanisms for convective motion [10] [11] [12] . In terms of unstable energy, Wang et al. [13] studied how precipitation and changing thermal conditions corresponded to surface temperatures in basins. However, the characteristics of dynamic and thermal changes vary by season and by region. Thus, it is difficult to come up with a single standard that would cover the special characteristics of severe convective weather [14] .
In summary, the occurrence of strong convective weather is closely related to an unstable energy distribution (thermal conditions), the water vapor saturation level (water vapor conditions), and some triggering lift mechanism (dynamic conditions). The combination of these three factors causes weather processes to evolve. In 1998, Ouyang [2] proposed that the characteristics of wind vector and potential temperature changes could be used for studying the overall status of atmospheric thermal, dynamic, and water vapor conditions. Ouyang also summarized the typical features displayed by these three factors before the occurrence of meteorological events. On the basis of this research, several researchers have carried out numerous studies that focused on catastrophic weather, for example, hail, local heavy rainfall, thunderstorms, dust storms, abnormally high temperatures, and low visibility weather [15] [16] [17] [18] [19] . This approach has a high predictive capacity for the sudden evolution of weather events, and it can greatly improve the accuracy of predictions for catastrophic weather. A product based on this method has become one of the key prediction products included in the new generation Chinese Meteorological Information Comprehensive Analysis and Processing System (MICAPS) program hosted at various Chinese meteorological departments. However, this method is not "fully quantitative," which would be ideal, and it produces a mixture of qualitative and quantitative information. Specifically, the method employs various tools such as information systems, methodological systems, and monitoring and computational techniques. There is still room for improvement in regard to this method. Alternatively, Doppler weather radar can track the changing process of weather events and provide information on the strength and speed of targets, and it has been widely used in forecasting operations [20] . The present study aims to combine the advantages of these two methods. Wind vector and potential temperature changes were used for qualitative studies of strong convective weather processes. Radar information was used for more accurate quantitative assessments of local weather events. The ultimate goal was to improve the accuracy of predictions for strong convective weather.
Section 2 introduces the data and methods used in this study, and Section 3 presents the results and discussion material. Section 3 is divided into two subsections, where the first one focuses on the characteristic changes in the convection system processes and the second one focuses on the use of radar information to closely examine the characteristics of an individual severe convective weather process. The conclusions are presented in Section 4.
Data and Methods
This research utilized conventional radiosonde data on the vertical structure of the atmosphere; the temporal resolution of the data was twice daily (LT 08:00 a.m. and 08:00 p.m.), and levels ranged from the surface to 100 hPa. The types of data collected included wind directions, wind speeds, temperatures, humidity values, and pressures at two individual stations. Compared with the data obtained from using current and widely applied continuity and smoothness processing methods (interpolation, fitting, extrapolation, etc.), the data used in this method were real but not continuous. Data integrity was thus better maintained, as information obtained after data processing may be damaged. Relatively severe damage can lead to misjudgments of the vortex structure and cause failures in the predictions [2] . The data used in this study provided an intuitive display of changes in the unstable energy structure of the atmosphere and reflected the unevenness of the structure well. A typical " -3 " plot analysis of the radiosonde data was employed, where " " represents the horizontal wind vectors at each altitude and "3 " represents the three different potential temperatures, namely, the potential temperature , the pseudoequivalent potential temperature sed , and the pseudoequivalent potential temperature assuming a saturated state * . The potential temperature expresses the vertical distribution of thermal energy in the atmosphere. In regard to sed , the traditional way of calculating the pseudoequivalent potential temperature from the temperature at the condensation height was abandoned, and instead we calculated the new potential temperature from the dew point temperature. The significance of this is that condensation is approaching precipitation and analysis of the atmospheric humidity content before condensation gives more pertinent information.
* is the potential temperature assuming a saturated state at the current temperature; it provides a reference for comparisons to help grasp the distribution of water vapor in the atmosphere. The specific definitions and calculations used in this study are as follows [21] .
(1) Calculation of the Potential Temperature . Potential temperature is the temperature that a parcel of air would have if it were dry-adiabatically expanded or compressed to the standard atmospheric pressure. The potential temperature of unsaturated, moist air is defined as follows:
In this formula, is the potential temperature, is the kelvin temperature (K), 0 is sea level pressure (hPa), is the pressure (hPa), is the gas constant of air, and is the specific heat capacity at a constant pressure. For unsaturated, moist air, / can be calculated as / = ( / )((1 + 0.608 )/(1 + 0.86 )), where / is the corresponding / value for a dry parcel of air. Specific humidity in the atmosphere is always less than 0.04, so 0.99 < ( / )/( / ) < 1, and thus / ≈ / = 0.2854.
(2) Calculation of the Pseudoequivalent Potential Temperature
sed . Pseudoequivalent potential temperature sed is defined as follows. If a parcel of air adiabatically rises until all of the moisture condenses, the largest value it achieves is the pseudoequivalent potential temperature. The imaginary adiabatic process is separated into two parts. The dry adiabatic process comes first; it lasts until the parcel is saturated. During this process, potential temperature is conserved. In the second part, as water vapor condenses, potential temperature increases according to
In this formula, represents the potential temperature of moist air contained in dry air, where
Here, is the saturation vapor pressure at centigrade temperature in hPa; the formula is as follows:
In formula (2) , is the temperature at the lifting condensation level, and the latent heat of vaporization = (2.501 − 0.00237 ) × 10 6 J⋅kg −1 , which increases slightly as the temperature decreases. is the mixing ratio, and = 0.622( /( − )) g⋅g −1 . To calculate sed , the dew point temperature is used instead of because water vapor condensation is already close to precipitating. Therefore, the analysis of the atmospheric humidity before condensation is more relevant to forecasting.
(3) Calculation of
* . * is the calculated value of the pseudoequivalent potential temperature assuming that the air is saturated. This calculation is useful when comparing water vapor conditions in the atmosphere.
The core concept in designing an atmospheric wind vector and potential temperature plot is to consider the structural characteristics of irregular information (here, irregular information is that versus general information). General information refers to data for the following parameters that are applied in the following order: (1) pressure, (2) temperature, (3) humidity, and (4) wind field. These data are used for short-term weather forecasting and analyses. However, the method employed by this study uses data on these parameters in the following order: (1) wind field, (2) humidity, (3) temperature, and (4) pressure. This is opposite to the traditional analysis approach and current research focus. Therefore, it is referred to as irregular information. Unevenness in the structure of the atmosphere is then characterized. Under ideal conditions, potential temperature increases with altitude. If the three curves lean to the left or change very little with increasing altitude, this means that the vertical structure of the troposphere is very unstable. In the middle and low levels of the atmosphere, for sed and * , these conditions are widely present. In conventional methods, this is referred to as moist-adiabatic instability. However, it is rare to see a case where an unstable curve is present in the middle and low levels of the atmosphere; such conditions are commonly encountered in the upper level of the troposphere, particularly in arid and highland areas and in the seasons of winter and spring [22] . Research has shown that, before severe convective weather occurs, if the three curves, especially the curve, suddenly lean to the left or change very little with increasing altitude near 300-100 hPa, then an ultra-low temperature phenomenon exists. An ultra-low temperature phenomenon is related to the ionization level of the atmosphere, and its formation and development are also related to water vapor [2] . That is, appropriate quantities of water molecules are ionized by ultra-violet or Röntgen X-ray radiation, thus leading to volumetric expansion and decreases in the temperature [23] . The presence of super-low temperatures promotes the inhomogeneity of the atmospheric thermal structure. In addition, the distance between the three curves can reflect the distribution of dry air, moist air, and saturated air in the atmosphere. As shown in Figure 1 , around 600 hPa sed is close to * , and this is indicative of an abundance of moist air in the middle and low levels of the atmosphere. Above 600 hPa, sed almost superimposes on * , and this is If the angle between the curve and theaxis is approximate to or bigger than 90 ∘ , the data indicate that the atmosphere in this area is distributed extremely homogeneously and that this area is a thermally unstable area (gray area). Otherwise, the area is a stable area (pink area). If the unstable area is located between 300 and 100 hPa, the phenomenon of ultra-low temperature appears.
indicative of a relative lack of moist air in the middle and low levels of the atmosphere.
Vertical wind shear is at the core of this analysis method. The essence of the high and low pressure zones given by weather maps and numerical predictions is based on the horizontal wind circulation. Horizontal winds are actually the result of rising and falling air movements, not the cause. Therefore, to increase the lead time of weather predictions, the focus should be on changes in vertical motion. The crux of all atmospheric changes is the changing wind direction. The Northern Hemisphere westerlies are a classic example (the easterlies are the opposite). The clockwise "rolling current" (high moisture at low altitude; winds out of the east or south) encourages convection to develop. Warm, moist air rises. The anticlockwise rolling current (low moisture at low altitude; winds out of the west or north) inhibits convection. Dry, cold air sinks. Rolling convection coupled with an unstable heat distribution can cause multiple vertical vortices that constitute a self-circulating system throughout the troposphere [2, 22, 23] . Figure 2 shows the clockwise form of tumbling as the wind in the low and high regions of the atmosphere becomes easterly (southerly) and westerly (northerly), respectively (Figure 2(a) ), and when the wind in both the low and high regions of the atmosphere is consistently westerly (northerly) (Figure 2(b) ). Figure 3(a) shows the counterclockwise form of tumble. In general, for the Northern Hemisphere, clockwise tumble is caused by easterly (southerly) wind in the low atmosphere and westerly (northerly) wind in the high atmosphere and also by westerly (northerly) wind in both the low and high regions of the atmosphere. In contrast, counterclockwise tumble is caused by easterly (southerly) wind in the high atmosphere and westerly (northerly) wind in the low atmosphere and also by easterly (southerly) wind in both the low and high regions of the atmosphere. The present method is based on the application of thermal wind in actual weather analyses. According to a temperature advection analysis based on wind patterns with altitude at a particular station, if wind is rotating counterclockwise with increasing altitude, this indicates the presence of cold advection, whereas if wind is rotating clockwise with increasing altitude, this indicates the presence of warm advection [24] . (Figure 4) , it was clear that Hubei was situated to the west of a western Pacific subtropical high. Western subtropical areas are zones for the ascension of low-level warm and wet air, and southerly airstreams from western subtropical areas can carry abundant moisture from the sea [24] . This provides adequate external conditions for the occurrence of strong convection weather. The western edge of the subtropical high pressure zone was located near 114 ∘ E, 33 ∘ N. Being situated at the western edge of the high pressure zone, the entire Hubei region experienced rather strong winds out of the south and southwest. At the same time, the low pressure system that was developing to the west of the region had started to move into the area. A powerful thunderstorm then developed suddenly, and it affected a large geographical area. While Doppler weather radar could warn of this severe convection event, it could only do so after the strong convection currents had already formed; that is, it could not effectively predict the event.
Results and Discussion
We now consider the radiosonde data collected from the WUHN (114.30 ∘ E, 30.6 ∘ N) and YICH (111.28 ∘ E, 30.7 ∘ N) stations before the storm ( Figure 5 ). Starting at 8:00 a.m. on July 25, 2007, the WUHN station and YICH station -3 plots show that sed and * demonstrated quasiparallel zigzag patterns. This is a special characteristic of cumulonimbus convective cloud development [2] . Convective cloud development was more intense at the YICH station. Critically, an "ultra-low temperature" structure appeared at both stations at 250 hPa. This exacerbated the temperature gradient (environmental lapse rate) between the ground and the top of the troposphere. The ultra-low temperature phenomenon is a key indicator of severe convective weather. It implies that weather processes are being stimulated and convective cloud systems are moving in the troposphere [23] . Peng et al. [25] Advances in Meteorology showed that the occurrence of overcast, sunny, windy, and rainy conditions during the evolution of weather can be mainly attributed to atmospheric cooling in the upper troposphere and the influence of solar radiation. If there is no cooling in the upper atmosphere, there will be no clouds and rain in the underlying zone no matter how strong the heating is. Here, it is important to emphasize that the strength of convective activities does not depend on surface temperature alone. The difference in air temperature between the high and low levels of the troposphere is the key element that determines the intensity of convective weather. At 8:00 p.m. on July 25, the sed and * curves at both stations inclined to the left at altitudes below 500 hPa, thus forming an obtuse angle with the axis. This is because convective instability in the lower atmosphere, which was caused by the surface heating and water vapor, extended up to 500 hPa. That is, there was an overall unstable state at 500 hPa and below. One difference between the two stations was that, at the WUHN station, wind speeds at middle and low altitudes had reached over 10 m/s. However, at the YICH station, wind speeds were still low. Similarities included the continued existence of ultra-low temperatures near 250 hPa at both stations at this time. This ultra-low temperature phenomenon was more pronounced than it was during the previous sounding, and it manifested itself as larger angles between the three curves and the horizontal at around 250 hPa. An overall vertical, clockwise rolling current structure persisted in the troposphere. We note, however, that although southwest water vapor transport at both stations had already reached 500 hPa and above, overall water vapor transport at the YICH station was insufficient. This is indicated by the distance between the sed and * curves in the plot. This is the essential difference between typical short-time precipitation and continuous precipitation in weather processes [2] . At the YICH station, although it was rather dry at 500 hPa and below, more unstable energy had accumulated than at the WUHN station (the sed and * trend lines made a larger angle with the horizontal at the YICH station than they did at the WUHN station). Above 500 hPa at the YICH station, there was abundant water vapor.
By 8:00 p.m. on July 26, 2007, the WUHN station's ultra-low temperature thickness had grown ( Figure 6 ). The angle with the horizontal had reached nearly 90 ∘ in the area stretching to around 200 hPa. Thus, this was an extremely unstable phenomenon. At the YICH station, the basic characteristics from the previous sounding remained, but there was more high-level moisture. The above characteristics indicated that severe convective weather would occur at both locations within 6-24 hours [22, 23] . Since unstable energy can be released in the form of precipitation (rain or hail), strong winds, and thunderstorms, according to the particular heat and moisture distributions at each station, the overall moisture insufficiency at the WUHN station meant that the energy would mainly be released in the form of strong winds and local, scattered thunderstorms or hail. At the YICH station, there was abundant water vapor at middle and high altitudes, so the energy would mainly be released in the form of hail and high winds. Here, we must explain that high atmospheric humidity is a predictor of high "quantities" of precipitation. The formation of hail does not require abundant water vapor in the lower zone; mostly there is a relatively wet zone, while other zones remain relatively dry or moisture is distributed more evenly [15] . Combined with the meteorological statistical results for this process, we also found that, at the YICH station, there was a rather high moisture content at middle and high altitudes, so the potential for a large-scale hail event was strong, but at the WUHN station, only localized strong hail could be predicted, and it would be very difficult to predict the quantity. Overall, hail prediction is limited by the spatial distribution of current observation stations and the status of the data, and further research is needed to improve hail quantity and location prediction capabilities. Currently, the locations where hail will fall can only be predicted to be within around 100-150 km and the quantity is difficult to forecast.
Twelve hours before the storm, ultra-low temperatures and overall clockwise rolling current conditions persisted (Figures 7(a) and 7(c) ). At Hubei's YICH station, the water vapor content throughout the troposphere was even higher than it was during the previous measurement period. This latest measurement also shows that hail precipitation and wind intensity at the YICH station were both stronger than they were at the WUHN station. The appearance of the three curves below 500 hPa was already similar to their appearance when the storm began at 8:00 p.m. on July 27, 2007 (Figures 7(b) and 7(d) ). However, the key point to note here is that as soon as the ultra-low temperature structure began to weaken, the storm development process accelerated. At the YICH station, the middle and high altitude characteristics changed. Where there used to be abundant moisture at middle and high altitudes, by 8:00 p.m. on July 27, the conditions were quite dry. This is because the moisture had started to be released in the form of hail. After the end of this severe convective weather process, unreleased, unstable energy could still be found at low and middle altitudes; however, the ultra-low temperature structure weakened and disappeared, and the overall wind pattern was no longer a clockwise rolling structure. This means that the temperature gradient (environmental lapse rate) between the ground and the top of the troposphere had been greatly reduced, and the developmental potential for strong convection weakened and disappeared.
Analysis of Radar Echoes.
Doppler weather radar is widely used in current weather analyses (nowcasting) because it gives real time information about weather processes, including strength and velocity data [20] .
On the basis of the qualitative analysis given by the wind vector and potential temperature energy analysis method, Doppler radar can be used to refine the precipitation zone and spatial characteristics to achieve more accurate forecasts and warnings. The Doppler radar (CINRAD/SA, S band) data in this study came from the Hubei Meteorological Administration, WUHN Station. The radar station is located at a longitude of 117.258 ∘ E and latitude of 31.867 ∘ N, and it is situated at an elevation of 165.51 m above sea level. Figure 8 shows the base reflectivity from this station at 8:14 p.m., 8:26 p.m., and 8:38 p.m. on July 27, 2007. The scanning range was 230 km. The red circles mark the key areas with thunderstorms and strong winds. This figure shows a strong reflection about 20 km north of the station at 8:14 p.m., and the strength of the reflection was up to 50 dBZ. At this time, the severe convection system was developing vigorously. There were reflections from heights of up to 15 km. By 8:26 p.m., the center of the strong convection system had moved to the north and the system had increased in size. However, the size of the severe section in the center had decreased. The strongest Advances in Meteorology reflections were still around 50 dBZ. By 8:38 p.m., the storm had moved farther north and the maximum height of the strongest reflections had decreased slightly. The height of the center of the reflections had started to decrease as well, and moreover the reflections had started to weaken. A vertical analysis of velocity information can give a better picture of the development and evolution characteristics of strong winds at the core of a storm. This is very useful for forecasting thunderstorms. Figure 9 shows a vertical crosssection of the strong radial winds measured with WUHN Station's Doppler weather radar at the same three times shown in Figure 8 . This figure shows the existence of a strong wind core at low levels around the time of the storm [26] . At 8:14 p.m., this strong wind core was located 2 km above the ground and was moving north with the storm. At 8:26 p.m., the strong wind core had lowered to 1 km above the ground. By 8:38 p.m., the strong wind core was scattered by the ground. This marked the beginning of strong winds at the surface.
Doppler radar is one of the most effective tools for monitoring severe convective weather. By analyzing the special characteristics of the Doppler weather radar products from this storm, especially the Doppler velocity field, we can see that thunderstorms were a kind of strong convective motion. The basic reflectivity of thunderstorms reached around 50 dBZ, and they had clear Doppler radial velocity characteristics. They also had very strong core winds that were concentrated in a small region. The core wind region moved closer and closer to the ground as the storm developed. Strong thunderstorm winds occurred at the surface when the core wind section reached the ground level. By using Doppler wind velocity analyses, strong thunderstorm wind warnings can be issued 10-20 minutes in advance. 
Conclusions
This study examined a classic extreme convective weather event that occurred in the Hubei-Hunan region on July 27, 2007. The event consisted of thunderstorms, hail, and strong winds, and the storm caused extensive damage. The primary characteristics of the severe convective weather were revealed by using the wind vector and potential temperature analysis method, and the physical mechanisms of the development of the strong convective weather were explained. The main purpose of this study was to introduce our research findings for severe convective weather events and to supply solutions for problems associated with current forecasting methods. Here, we proposed the use of radar analysis as the primary tool for conducting quantitative analyses and showed that it can improve the accuracy of mechanistic approaches for forecasting strong convective weather in terms of both quantitative and qualitative computations. Although the present study only presented one example, this example included strong wind, hail, and thunderstorms, which are typical characteristics of severe convective weather. We believe that these findings can improve the forecasting times for local, strong convective weather events. The overall conclusions were as follows.
(1) The most important characteristic of strong convective weather is the uneven distribution of thermal energy. The structure of this unstable thermal energy distribution determines the level of instability in the atmosphere. In " -3 " plots, the size of the angles that the sed and * temperature values make with theaxis reflects the level of instability; that is, larger angles are indicative of more instability. The location of the highest obtuse angle is also important. The higher upon the plot an obtuse angle is formed, the stronger the convective process is. (2) Another key characteristic of strong convective weather is a rapid drop in temperature at the top of the troposphere preceding the storm process. In this paper, it was referred to as an "ultra-low temperature phenomenon." The appearance of such a phenomenon indicates that the temperature difference between the surface and the top of the troposphere has increased. The larger the temperature gradient between high and low levels of the troposphere, the more intense the convective weather. (3) In addition to the appearance of an ultra-low temperature phenomenon before strong convective weather occurs, instability emerges in the atmosphere. The entire troposphere will demonstrate a "clockwise rolling current" structure. After severe convective weather begins, unstable energy and moisture are released in huge quantities and the ultra-low temperature layer gradually dissipates. (4) On the basis of atmospheric data sent from radiosonde probes, it is currently possible to estimate the type and approximate scale of convective weather events that are likely to occur. Radar observations can then be used to refine the location of precipitation zones. Furthermore, the evolution of the strength, location, and height of radar echoes can provide information about the location of the system.
Severe local convective weather events often cause excessive damage because of their rapid development and small size, which makes them difficult to forecast in a timely manner. Currently, observation systems have low resolution and radar monitoring can only provide a few hours or minutes of advanced warning. However, by using comprehensive research on the cumulative process by which each of several classical characteristic quantities changes during the development of strong convective weather systems, we propose that it is possible to detect signals that a storm is brewing. If the overall structure of the components constitutes a physical mechanism (equivalent to a small or medium sized system with a life span of 6 hours), then a credible warning can be issued 6-24 hours in advance of a storm. However, weather station equipment is presently spread out over large distances with temporal and spatial resolutions of 12 hours and 200-300 km 2 , respectively. Therefore, small-scale (100 km or smaller) or short-lived (6 hours or less) weather systems are easily missed by existing radiosonde probe infrastructure. However, ultra-low temperature phenomena, which precede severe convective weather, can consist of a mesoscale or intermediate-scale structure covering 500-1000 km 2 . Therefore, -3 plots can be used to identify these ultra-low temperature phenomena. Without them, severe convective weather cannot occur [2, 22, 23, 25] . Surely, improving the temporal and spatial resolution of radiosonde information by increasing station density and measurement frequency would improve forecasting capabilities. Here, we suggest that improvements could also be made by using existing infrastructure and applying -3 information to distinguish conditions that could potentially lead to damaging weather events. The analysis should be qualitative at first. Additional comprehensive analysis of the overall development could be carried out as needed by using other observation equipment and methods. The physical mechanisms that generate ultra-low temperature phenomena should be further studied. Ultra-low temperature phenomena can cause extremely uneven vertical structures in the atmosphere that stimulate and invigorate many types of severe convective weather. A deeper examination of the role that these phenomena play in the evolution of atmospheric processes is left for future study.
